3) implemented construction methods and project schedule; 4) progress reporting mechanism to track by work responsibility; and 5) construction processes' logical sequencing. Figure  1 shows a general schematic overview of SimCon's hierarchic system. There are a number of advantages for using this hierarchy. The basic advantages are the following: 1) providing a short term planning tool from the very detailed representation at the process level; 2) providing a production-based identification structure and a better way to link processes, classify problem areas, and track project progress; and 3) providing progress reporting by exception capability to update a project control schedule at a higher level in a production breakdown structure. Resources naturally occupy space in a specific Iocation.
For example, a project consisting of two buildings can be allocated two cranes; one for each building.
On the project level a truck can be shared by both buildings, hence, allocated at a higher level in the hierarchical location breakdown structure.
Furthermore, an LBS is used as a mechanism to group together cost centers with the same location.
Similarly an LBS is used to group construction methods in the same location. The location structure as shown in Figure 3 can be used to report on schedule progress in a project by location. Russell and Wong (1993) 
Q'
upmructure '4* SimCon builds on the standard simulation elements of CYCLONE which was developed by Halpin (1973 Halpin ( , 1990 . Some additional elements besides the CYCLONE elements were required to implement the SimCon concept. The additional elements are basically used to keep track of progress achieved and to simplify the linking of processes.
Processes can be either retrieved from SimCon's library database of processes or constructed by the user using SimCon's graphical interface in the computer prototype system, Construction processes are requiredl to be attached to an LBS because construction has to be done in a specific location. If a process is attached to a parent LBS then repetitive or cyclic sequencing of tasks can be used for completing the processes at "children" locations.
Dynamic variables included in a simulation process include: number and type of resources, task durations, and production required. These variables are assigned from outside individual processes through the use of attributes on specific activities.
In this regard, simulation processes will mainly be constructed by assigning actual values to the variables of each activity's duration, resource usage, and production. A Schematic View of a Within-Process Production Counter in a Simulation Process A production counter is used to control production within and between processes. A typical within-process production counter (wP-counter) as shown in Figure 4 keeps track of production achieved and converts actual production to a simulation counter. A typical betweenprocess production counter (bp-counter) is shown in Figure 5 . It keeps track of internal processes by re- (Hendrickson et al. 1987; and Fiedler 1985) that the lead/lag factors in terms of time are actually meant to be in terms of progress. Pultar attempted to provide a solution by using progress charts and Gantt (bar) charts. Although new relationships were suggested by using non-linear relationships between activities, Pultar was still using time-based relationships.
Relationships between activities were still based on time and do not consider other means for progress relationships. In SimCon two types of links are used: 1) SP-Link (single production link); and 2) CP-Link (continuous production link). A SP-Link is a simple one-time link between processes. A SP-Link is used to determine the production required before the next process can start. If the next process starts at completion of a predecessor process then SP-Link is equal to total actual production at the predecessor process. For example, placing steel process will start when a certain production is achieved in its predecessor formwork erection process.
A CP-Link is a more complex type relationship requiring multiple and continuous links between two processes.
A CP-Link is used to sequence cyclic processes continuously by specifying a buffer zone between two processes, The buffer zone is used to control both the predecessor process and the successor process to make sure that the spacing in terms of production between both processes is in the range specified in the CP-Link. Linking of simulation processes can become very complex by certain logical constraints.
For example the repetitive processes of a paving operation should not be represented as shown in Figure 6a if the excavator, in such a scenario, is required to be working on the next section even if compaction of the current section is not completed. Representing such sequencing as shown in Figure 6b requires an experienced simulation analyst and considerable time to model a project to make sure that placing subbase is not done before excavating and leveling.
As demonstrated in Figure 6b placing subbase process is continuously following excavate and level process. The CP-Link makes sure that subbase process starts after a specified production in excavation and that it does not exceed a certain limit to maintain the sequence of production in both processes. """"" "'"""" """"" '"""" "'"""" """"""" Excavate Progress reporting mechanisms in SimCon include productionh-esource-based reporting from a location breakdown structure.
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Exceptional progress reporting mechanisms in SimCon imply reporting progress at a higher level in the project's hierarchical breakdown structure. Exceptional progress reporting is necessary and especially in simulation modeling where numerous interaction of resources are to be considered. Moreover, durations of activities in many cases are much less than the updating frequency and especially for repetitive processes.
Production..Based Reporting
Production at the process level can be generated from a cyclic activity or a non cyclic activity. Production represents a specific output that is modeled in repetitive processes (rP-process) by the continuous cycling of specific tasks. In a rp-process production achieved to date will be transformed automatically using SimCon's production counter into a usable simulation parameter to update progress achieved.
In non repetitive processes (rip-process) time represents output that is measured from a specific task. The earned value concept suggested by Moselhi (1993) is used in SimCon to report progress on a rip-process as shown in Table  1 . The generalized progress measurement system is shown in Table 1 . For example, for short duration and low cost activity, it is suggested that a zero -onc hundred percent rule be used. That is the activity is zero percent complete until 'hand over' (i.e., activity becomes one hundred percent complete). Production in a rip-process is considered to be equal to one. Production is measured differently for various processes in both rp-process and rip-process. Reporting on production i~chieved in a specific process is used to update a schedule in SimCon. Ay-~"""!"-"-"J-"""'-""""""""l"""" -"""""""-t-'""""~"" """" - Progress reporting on a specific location depends on the type of estimate available at the process level. Production on cyclic activities is updated by changing dynamic variables stored in a production counter. A wp-counter, as shown in Figure 7 , is used to store budgeted production, actual production completed to date, and a ratio that converts actual reported production from field to a standard simulation number. For example, 200 m3 of concrete can be represented by a production counter to be 20 loops (200/10). Similarly, actual production reported in the field of 100 m3 is converted into a simulation counter of 10 (100/1 O). The production ratio used in the wp-counter is set equal to 10.
Resource-Based Reporting
Recording and tracking progress in a project is directly affected by the way information is presented to project controllers as described by Sanvido and Paulson (1992 If a resource is shared by multiple areas and processes then a higher level controller is required to be in control of the resource. For example, if tower crane is allocated to multiple locations and disciplines then a superintendent will control it. A controller must plan and coordinate the work sequence and resources at one level below.
SimCon addresses the reporting of progress on resource utilization in a similar methodology as described by Sanvido and Paulson (1992 Resource duration is equal to end date minus start date of a specific resource. Total budgeted cost of a resource is equal to fixed unit cost multiplied by resource duration plus variable unit cost multiplied by total budgeted hours.
FINDINGS AND CONCLUSIONS
The focus of this paper was on applying advanced project control techniques and minimizing the time spent on progress reporting at the very detailed level of a hierarchical breakdown structure. There are a number of advantages for using simulation for project control. 
